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(54) APPARATUS FOR REFORMING FUEL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an apparatus for 
reforming fuel to produce hydrogen by reforming a raw material 
for reforming, wherein heat energy necessary for evaporating 
the raw material at an evaporating part is decreased and 
moreover response of the apparatus for reforming fuel is 
improved. 

SOLUTION: A gas compressor 15 is provided between an 
evaporating part 1 2 and a reforming part 1 7. wherein the 
evaporating part 12 produces a reforming gas by evaporating a 
raw material for reforming and the reforming part 1 7 produces 
hydrogen by catalytic reforming of the reformed gas, and the 
pressure in the evaporating part 12 is controlled by the gas 
compressor 1 5. As a heat source for hearting the raw material 
for reforming, heat generated with the operation of a fuel cell 20 
available through cooling water is used. The pressure control in 
the evaporating part 12 by the gas compressor 15 is carried out 
on the basis of heating temperature of the raw material for 
reforming heated by the heat source. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use o£ tbis translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3, In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The fuel reformer characterized by to have the pressure control means (15) which is the fuel 
reformer which supplies said hydrogen to hydrogen consumption equipment (20), and controls the pressure 
in the evaporator (12) which said reforming raw material is evaporated and is used as reformed gas, and the 
reforming section (17) which reforms said reformed gas in hydrogen by the catalyst reforming reaction and 
said evaporator (12) while reforming a reforming raw material in hydrogen by the reforming reaction. 
[Claim 2] The fuel reformer according to claim 1 characterized by performing pressure control in said 
evaporator (12) by said pressure control means (15) based on whenever [ said stoving temperature / which 
was equipped with the detection means (35) whenever / stoving temperature / which detects whenever / 
stoving temperature / by the heat source which heats said reforming raw material in said evaporator (12), 
and said heat source /, and was detected with the detection means (35) whenever / said stoving 
temperature ]. 

[Claim 3] Said pressure control means is a fuel reformer according to claim 1 or 2 characterized by being 
the gas-compression machine (15) formed between said evaporators (12) and said reforming sections (17). 
[Claim 4] Said pressure control means (15) is a fuel reformer according to claim 3 characterized by being 
controllable in the flow rate of the reformed gas supplied to said reforming section (17). 
[Claim 5] They are claim 1 which said hydrogen consumption equipment is a fiiel cell (20), and is 
characterized by said heat source being generation of heat of said fuel cell (20) produced with operation of 
said fuel cell (20) thru/or the fuel reformer of any one publication of four. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] . , 

[Field of the Invention] This invention relates to the fuel reformer which reforms the refomtung raw matenal 
containing a hydrocarbon compovind in hydrogen by catalytic reaction. 
[0002] 

[Description of the Prior Art] Conventionally, the fuel reformer is proposed as a hydrogen feeder which 
suppUes hydrogen to a fuel cell. The reforming raw material containing a hydrocarbon is evaporated in an 
evaporator (evaporation), and it consists of fuel reformers so that the reforming raw material evaporated in 
the reforming section equipped with a catalyst may be reformed in hydrogen by the catalyst reforming 
reaction. 

[0003] ^ . ... 

[Problem(s) to be Solved by the Invention] However, in an evaporator, smce the reformmg raw matenal is 
evaporated under atmospheric pressure, it is necessary to heat a reforming raw material to an elevated 
temperature. For this reason, an evaporator takes a lot of heat energy, in order to evaporate a reforming raw 
material, and a hot heat source is needed. Moreover, since it was necessary to heat a reforming raw matenal 
to an elevated temperature, time amount was taken by evaporation fi-om heating of a reforming raw material, 
and there was a problem that the responsibility of a fuel reformer worsened as a result. 
[0004] In view of the above-mentioned trouble, this invention is a fuel reformer which reforms a reforming 
raw material and generates hydrogen, and also makes it the purpose to raise the responsibility of a fuel 
reformer fiirttier for the purpose of decreasing heat energy required in order to evaporate a reforming raw 
material in an evaporator. 

[0005] . . ^ 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, in invention according to 
claim 1 The evaporator which is the fuel reformer which supplies hydrogen to hydrogen consumption 
equipment (20), and a reforming raw material is evaporated and is used as reformed gas while reforming a 
reforming raw material in hydrogen by the reforming reaction (12), It is characterized by having the 
pressure control means (15) which controls the pressure in the reforming section (17) which reforms 
reformed gas in hydrogen by the catalyst reforming reaction, and an evaporator (12). 
[0006] By such configuration, the pressure in an evaporator (12) is adjusted, the evaporation temperature of 
a reforming raw material is changed, and it can evaporate at lower temperature. Thereby, the heat energy 
which evaporation of reformed gas takes can be decreased. Moreover, since reformed gas can be evaporated 
at low temperature, the time amount which evaporation of a reforming raw material takes m an evaporator 
can be shortened, and the responsibility of a fuel reformer can be raised. 

[0007] Moreover, in invention according to claim 2, it has a detection means (35) whenever [ stoving 
temperature / which detects whenever / stoving temperature / by heating means to heat a reforming raw 
material in an evaporator (12), and the heating means ], and is characterized by performing pressure control 
in the evaporator (12) by the pressure control means (15) based on whenever [ stoving temperature / which 
was detected with the detection means (35) whenever / stoving temperature ]. Thereby, since the 
evaporation temperature of reformed gas can be adjusted according to the temperature of a heat source, 
reformed gas can be evaporated certainly. • j u u • tu 

[0008] Moreover, in invention according to claim 3, the pressure control means is charactenzed by being the 
gas-compression machine (15) formed between an evaporator (12) and the reforming section (17). The 
pressure in an evaporator (12) can be adjusted by adjusting the rotational frequency of a gas-compression 
machine (15) by this, and a pressure control means can be offered with the simple configuration which 
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forms a gas-compression machine (15) between an evaporator (12) and the reforming section (17). 
Moreover, a pressure control means (15) can also constitute the flow rate of the reformed gas supplied to the 
reforming section (17) controllable like invention according to claim 4. 

[0009] Moreover, in invention according to claim 5, hydrogen consumption equipment is a fiiel cell (20), 
and it is characterized by a heat source being generation of heat of the fuel cell (20) produced with operation 
of a fuel cell (20). By adjusting the pressure of an evaporator (12) and reducing the evaporation temperature 
of a reforming raw material, reformed gas can be evaporated in this way using exhaust heat of a fuel cell 
(20). 

[0010] In addition, the sign in the parenthesis of each above-mentioned means shows correspondence 

relation with the concrete means of a publication to the operation gestalt mentioned later. 

[0011] 

[Embodiment of the Invention] (The 1st operation gestalt) The 1st operation gestalt of this invention is 
hereafter explained based on drawing 1 - drawing 3 . With the **** 1 operation gestalt, it has applied to the 
fuel cell system equipped with the fuel cell which generates electricity the fuel reformer of this invention 
according to the electrochemical reaction of hydrogen and oxygen for cars. 

[0012] Drawing 1 shows the whole fuel cell system configuration of a **** 1 operation gestalt. As shown in 
drawing 1 , it is generated by the fuel reformers 10-18, and it consists of fuel cell systems so that hydrogen 
may be supplied to a fuel cell (FC stack) 20. 

[0013] The fuel reformers 10-18 consist of the fiiel feed zones 10 and 1 1 which supply a reforming raw 
material, the evaporator (evaporator) 12 which is made to carry out the evaporation evaporation of the 
reforming raw material, and is used as reformed gas, a gas-compression machine 15 which controls the 
pressure in an evaporator 12, the reforming section 17 which reforms reformed gas in hydrogen in steam 
reforming, and carries out hydepgen-rich gas generation, and the CO removal section 18 which removes CO 
from hydeogen-rich gas. 

[0014] The fuel feed zones 10 and 1 1 consist of a fuel tank 10 in which the reforming raw material 
containing a hydrocarbon compound was stored, and a fuel pump 1 1 which supplies the fuel for reforming 
of a fuel tank 10 to an evaporator 12. With the **** 1 operation gestalt, the gasoline is used as a 
hydrocarbon compoimd used for a reforming raw material. Moreover, water is contained in the reforming 
raw material. For this reason, the fuel feed zones 10 and 1 1 contain the moisture feeder which is not 
illustrated, and water is supplied to an evaporator 12 with a hydrocarbon compound. 
[0015] By heating the reforming raw material of the liquid condition supplied from the fuel feed zones 10 
and 1 1 , it consists of evaporators 12 so that evaporation evaporation may be carried out and it may be made 
the reformed gas of a gaseous state. The reforming raw material path through which a reforming raw 
material passes, and the path for heating through which a heat carrier (the 1st operation gestalt cooling 
water) passes are formed in the evaporator 1 2, and a reforming raw material is heated by exhaust heat of a 
fuel cell 20 through cooling water like the after-mentioned. The pressure sensor 13 which detects the 
pressure in an evaporator 12 is formed in the evaporator 12. The reformed gas evaporated by the evaporator 
12 is supplied to the reforming section 17. 

[0016] The gas-compression machine 15 which compresses the reformed gas supplied from the upstream 
and is discharged to the downstream is formed in the downstream of an evaporator 12. The pressure control 
means which controls the pressure in an evaporator 12 by the gas-compression machine 15 is constituted. 
Furthermore, the gas-compression machine 15 also constitutes the flow rate control means which controls 
the flow rate of the reformed gas supplied to the reforming section 17 of the downstream. As a gas- 
compression machine 15, a displacement type compressor and a turbo type compressor can be used, for 
example. Moreover, the flow rate sensor 16 which detects the flow rate of the reformed gas supphed to the 
reforming section 1 7 is formed in the downstream of an evaporator 12. 

[0017] After the gas-compression machine 15 attracts and compresses the gas of the upsfream, it is 
discharged to the downstream. Therefore, the upstream of the gas-compression machine 1 5 serves as 
negative pressure by operating the gas-compression machine 15, and the inside of an evaporator 12 can be 
decompressed. If the rotational frequency of the gas-compression machine 15 is enlarged, while a gas 
suction force will increase and the pressure in an evaporator 12 will decline, the quantity of gas flow to the 
reforming section 17 becomes large. On the contrary, the reforming section 1 7 equipped with a reforming 
catalyst is formed in the downstream of the gas-compression machine 15 with which the quantity of gas 
flow to the reforming section 17 becomes small while a gas suction force will decrease and the pressure in 
an evaporator 12 will rise, if the rotational frequency of the gas-compression machine 15 is made small. 
Reformed gas is reformed to hydrogen, a carbon dioxide, and a small amount of carbon monoxide by the 
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steam-reforming reaction, and it consists of the reforming sections 17 so that hydeogen-rich gas may be 
generated. It consists of the reforming sections 1 7 so that a steam-reforming reaction and a partial oxidation 
reforming reaction may be used together. Air is suppHed to the reforming section 17 from the air supply 
equipment which is not illustrated for a partial oxidation reaction. CO removal section 1 8 is formed in the 
downstream of the reforming section 17, and a carbon monoxide is removed from the hydeogen-rich gas 
generated in the reforming section 17. 

[0018] The hydrogen generated by the above fuel reformers 10-18 is supplied to the fuel cell (FC stack) 20 
as hydrogen consumption equipment. To the FC stack 20, air (oxygen) is supplied with hydrogen, and it is 
constituted so that electrical energy may occur according to the electrochemical reaction of hydrogen and 
oxygen. The power generated by the FC stack 20 is supplied to the car drive motor (load) which is not 
illustrated. 

[0019] The FC stack 20 produces generation of heat with a generation of electrical energy. For this reason, 
the cooling systems 30-35 which cool the FC stack 20 so that the operating temperature of the FC stack 20 
may become electrochemical reaction with optimal temperature (about 80 degrees C) are formed in the fiiel 
cell system. 

[0020] The cooling-water-flow path 30 which makes the FC stack 10 circulate through cooling water (heat 
carrier), Water pump 31 made to circulate through cooling water, and the radiator 32 which emits the heat of 
cooling water into atmospheric air are formed in the cooling system. Furthermore, the path 33 for evaporator 
heating for making an evaporator 12 circulate through cooling water, while making a radiator 32 bypass is 
formed in cooHng systems 30-35. The path 33 for evaporator heating branches from the cooling-water-flow 
path 30, is established in juxtaposition to a radiator 32, and it is constituted so that it may pass through the 
path for heating in an evaporator 12. 

[0021] The passage change bulb 34 is formed in the tee of the cooling-water-flow path 30 and the path 33 
for evaporator heating. Thereby, the passage of cooling water is changed. When pouring cooling water to a 
radiator 32 side, a circulating water temperature can be reduced and cooling temperature control of the FC 
stack 20 can be performed. 

[0022] On the other hand, when pouring cooling water to an evaporator 12 side, exhaust heat of the FC stack 
20 can be told to an evaporator 12 through cooling water. Thus, the FC stack 20 and cooling systems 30, 31, 
33, and 34 constitute a heating means to heat an evaporator 12 by making generation of heat (exhaust heat) 
of the FC stack 20 accompanying operation into a heat source. 

[0023] Moreover, the temperature sensor 35 for detecting the temperature (whenever [ stoving temperature / 
of an evaporator 12 ]) of the cooling water through which it circulates to an evaporator 12 is formed in the 
path 33 for evaporator heating. 

[0024] The control section (ECU) 40 which performs various control is formed in the fiiel cell system of this 
operation gestalt. The demand power signal from a load, the pressure signal from a pressure sensor 12, the 
quantity-of-gas-flow signal from a flow rate sensor 16, the temperature signal from a temperature sensor 33, 
etc. are inputted into a control section 40. Moreover, the control section 50 is constituted so that a control 
signal may be outputted to gas-compression machine 15 grade. 

[0025] Hereafter, the pressure-control approach in the evaporator 12 in the fiiel cell system of the above- 
mentioned configuration is explained based on drawing 2 and drawing 3 . Drawing 2 is a flow chart which 
shows the pressure-control approach of the evaporator 12 in the fiiel cell system of a **** 1 operation 
gestalt. 

[0026] First, the transit demand power of empty vehicle both drive motors, such as accelerator opening 
which an operator operates, is computed, and the amount of hydrogen required in order to generate transit 
demand power by the FC stack 20 is computed. And a reformed gas flow rate required in order to generate 
the amount of need hydrogen in the reforming section 17 is computed (step SIO). 
[0027] Next, based on a need reformed gas flow rate, a reforming fiiel is injected and supplied to an 
evaporator 12 from the fijel feed zones 10 and 1 1 (step SI 1). 

[0028] Next, the circulating water temperature throu^ which it circulates to an evaporator 12 with a 
temperature sensor 35 is detected (step SI 2). The heat-source temperature which heats an evaporator 12 by 
this is detectable. 

[0029] Next, based on heat-source temperature, the target preassure force in an evaporator 12 is determined 
(step SI 3). Here, the target preassure force decision approach in an evaporator 12 is explained based on 
drawing 3 . Drawing 3 shows the relation between the pressure in an evaporator 12, and the evaporation 
temperature of a reforming raw material (a hydrocarbon compound, water). A in drawing 3 shows the 
evaporation temperature of water, and B shows the evaporation temperature of a gasoline. 
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[0030] As shown in drawing 3 , the pressure in an evaporator 12 and the evaporation temperature of a 
reforming raw material have a correlation, and if the pressure in an evaporator 12 declines, the evaporation 
temperature of a reforming raw material will become low. Moreover, since the evaporation temperature B of 
a gasoline is higher as compared with the evaporation temperature A of water, if the temperature of an 
evaporator 12 is set as the temperature to which a gasoline evaporates, water can also be evaporated in 
coincidence. 

[0031] Therefore, what is necessary is just to adjust the pressure in an evaporator 12 according to whenever 
[ stoving temperature ], in order to evaporate a reforming raw material in whenever [ by cooling water / 
stoving temperature ]. Then, it is set as the pressure which can evaporate a reforming raw material in the 
circulating water temperature which detected the target preassure force in an evaporator 12 with the 
temperature sensor 35. 

[0032] Next, while making the pressure in an evaporator 12 into the target preassure force, in order to make 
into a target flow rate the reformed gas flow rate supplied to the reforming section 17, the rotational 
frequency of the gas-compression machine 15 is controlled (step SI 4). Next, a pressure sensor 13 detects the 
pressure in an evaporator 12 (step SI 5), and the reformed gas flow rate supplied to the reforming section 17 
with a flow rate sensor 16 is detected (step SI 6). 

[0033] Next, when the pressure in an evaporator 12 is target preassure force and the reformed gas flow rate 
supplied to the reforming section 17 is a target flow rate consequently it judges whether the pressure in an 
evaporator 12 turned into target preassure force, or the reformed gas flow rate supplied to the reforming 
section 17 tumed into a target flow rate (step SI 7), evaporator pressure control is ended. On the other hand, 
when the reformed gas flow rate supplied to the pressure or the reforming section 17 in an evaporator 12 is 
not desired value, it carries out by repeating the above-mentioned steps S14-S16. 

[0034] As mentioned above, like the fuel cell system of a **** 1 operation gestalt, by adjusting the pressure 
in an evaporator 12 according to heat-source temperature, even if the heat source which heats an evaporator 
12 is low temperature, a reforming raw material can be evaporated certainly. Thereby, in an evaporator 12, 
heat energy required to evaporate a reforming raw material can decrease, and a reforming raw material can 
be evaporated using the exhaust heat accompanying operation of the fuel cell 20 of the FC stack 20. 
[0035] Moreover, according to the **** 1 operation gestalt, the pressure in an evaporator 12 can be adjusted 
with the simple configuration which forms the gas-compression machine 15 between an evaporator 12 and 
the reforming section 17. Furthermore, in an evaporator 12, since a reforming raw material can be 
evaporated at low temperature, the time amount which evaporation of a reforming raw material takes can be 
shortened, and the responsibility of the fuel reformer which supplies hydrogen to a fuel cell 20 can be raised. 

[0036] (The 2nd operation gestalt) Next, the 2nd operation gestalt of this invention is explained based on 
drawing 4 . As for a **** 2 operation gestalt, the heating approaches of an evaporator 12 differ as compared 
with the above-mentioned 1st operation gestalt. The same part as the above-mentioned 1st operation gestah 
attaches the same sign, and omits explanation. 

[0037] Drawing 4 shows the whole fuel cell system configuration of a **** 2 operation form. In the FC 
stack 20, the off-gas containing the surplus hydrogen which was not used for electrochemical reaction is 
discharged in the case of operation. So, as shown in drawing 4 , the off-gas supply way 21 is formed 
between the FC stack 20 and the evaporator 12, and the off-gas discharged from the FC stack 20 consists of 
fuel cell systems of a **** 2 operation gestalt so that an evaporator 12 may be supplied. 
[0038] Moreover, the combustion section 19 which bums the off-gas supplied through the off-gas supply 
way 21 from the FC stack 20 is formed in the evaporator 12. The combustion gas generated in the 
combustion section 19 is supplied to an evaporator 12. In an evaporator 12, a reforming raw material is 
heated by the heat of combustion of combustion gas, and evaporation evaporation is carried out. 
[0039] By such configuration, the heat of combustion of the off-gas discharged from a fuel cell 20 can be 
used as a heat source which heats a reforming raw material by the evaporator 12. By heating refonned gas 
with the heat of combustion of combustion gas, the responsibility of the fuel reformer which supplies 
hydrogen to a fuel cell can be raised further. 

[0040] (The 3rd operation gestalt) Next, the 3rd operation gestalt of this invention is explained based on 
drawing 5 . As for a **** 3 operation gestalt, the heating approaches of an evaporator 12 differ as compared 
with the above-mentioned 1st operation gestalt. The same part as the above-mentioned 1st operation gestalt 
attaches the same sign, and omits explanation. 

[0041] Drawing 5 shows the whole fuel cell system configuration of a **** 3 operation gestalt. The 
reforming section 17 and CO removal section 18 also generate heat by catalytic reaction (oxidation 
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reaction). So, in the fuel cell system of a **** 3 operation gestalt, it has the cooling systems 50-54 for 
cooling the reforming section 17 and CO removal section 18, as shown in drawing 5 . 
[0042] The cooling- water-flow path 50 which makes the reforming section 17 and CO removal section 18 
circulate through cooling water (heat carrier). Water pump 51 made to circulate through cooling water, and 
the radiator 52 which emits the heat of cooling water into atmospheric air are formed in the cooling system. 
Furthermore, the path 53 for evaporator heating for making an evaporator 12 circulate through cooling 
water, while making a radiator 52 bypass is formed in cooling systems 50-54. The path 53 for evaporator 
heating branches from the cooling-water-flow path 50, is established in juxtaposition to a radiator 52, and it 
is constituted so that it may pass through the path for heating in an evaporator 12. 

[0043] The passage change bulb 54 is formed in the tee of the cooling-water-flow path 50 and the path 53 
for evaporator heating. Thereby, the passage of cooling water is changed. When pouring cooling water to a 
radiator 52 side, a circulating water temperature can be reduced and cooling temperature control of the 
reforming section 17 and CO removal section 18 can be performed. 

[0044] By such configuration, a reforming raw material can be evaporated in the fuel cell system of a **** 3 
operation gestalt at an evaporator 12 by making exhaust heat of the reforming section 17 or CO removal 
section 18 into a heat source. 

[0045] (Other operation gestalten) In addition, it replaces with off-gas, in the combustion section 19, a fuel 
is supplied and is burned, and although the off-gas discharged from a fuel cell 20 was burned and 
combustion gas was obtained, you may constitute from an above-mentioned 2nd operation gestalt so that 
this may obtain combustion gas. 

[Translation done.] 
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